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I N T R O D U C T I O N  
In the last few years, many investigations have 
i 
showed the effect of chemicals and X-rays on oxygen 
consumption. 
Some investigators have proved that exposure of 
organisms to sufficiently large doses of short wave 
length radiation inhibits subsequent growth and de­
velopment. Gottscholh and Nonnenbruch(1923), Adler 
(1930), and Crabtree(1932) have reported that res­
piration in a variety of animal and plant organisms 
is impeded by X-rays and gamma rays. Redfield and 
Bright(1922) irradiated dry radish seeds with emana-
* 
tion and after 2 days moistened them and measured 
the COg production. Francis(1934) found that there 
are parallel decreases in fresh weight and COg pro­
duction in the irradiated wheat seedling. Adler and 
Crabtree, mentioned above, also indicated that res­
piration is secondary by showing that a "latent 
period" of several hours before respiration is de-
creased. In these experiments, it was found that the 
rate of respiration is nearly constant in both control 
and irradiated seedlings during the first 6 hours af­
ter treatment. 
Booker(1935-*36 unpublished) found that X-ir­
radiation decreases the oxygen consumption of earthworms 
from 40-60$. In these investigations, he reported that 
X-Rays are not effective immediately after organisms 
are exposed and that at least 18 hours must elapse be­
fore the rays are effective. 
Peter Masucci(1935) found that dinitro phenol' 
added to the respiratory medium of concns. of M/26.8 X 
10 to M/67 x 10 produces an increase in 0g con­
sumption of 60-80$ above the normal consumption of 0g 
of the diaphram muscles. The increase is noted only 
within the first 20 minutes after the addition of di­
nitro phenol. 
Redfield and Bright, referred to above, after ir­
radiating the dry radish seeds with emanation concluded 
that growth in the irradiated seedlings was inhibited 
while CO production was increased. These results were 
just the opposite of those showed by Francis* 
Garrey and Boykin(1933) observed that when 2, 4, 
dinitrophenol is used, the rate of C consumption is 
increased 3-fold on the average and in some cases 5-
fold. The organisms used in these experiments were 
turtles. 
From the literature cited by Francis, and Red-
field and Bright, stated above, it is clear that there 
is no consistent agreement as to whether radiation 
affects cell respiration directly. 
In the last fourteen years, many investigations 
have been made with Barbituric acids. Shoole(1931) 
indicated certain theories regarding factors in hypnot­
ic efficiency of several barbituric acids. Murphy 
and Koppangi(1931) experimented with rabbits and dogs 
to find effects of barbituric acids on them. They 
found that the rabbits and dogs remained anaesthetized 
until death; barbitals were retained in the blood and 
not excreted in the urine. Fisher and Mering(1931) 
concluded that barbituric acids stimulated intestinal 
movements so much so that respiration and circulation 
failed, thereby, causing death. 
It is the purpose of this paper to show and com­
pare the effects of X-Rays, phenols, and Barbituric 





MATERIALS AND METHODS 
The organisms used in these experiments were 
earthworms(Lumbrious terristris). These organisms 
were obtained from low, swampy regions on the cam­
pus. After the organisms were obtained they were 
brought into the laboratory and kept in glass dishes 
which were filled with moist soil. The organisms 
were washed, dried, and weighed before placing into 
pyrex test tubes, which were filled with the solu­
tion to which the organisms were to be exposed. 
These test tubes were calibrated to 75 co. Each 
organism remained in each solution for a period of 
two hours. All experiments were performed at room 
temperature. 
In addition to determining the oxygen con­
sumption of normal earthworms, the respiratory rate 
of X-irradiated organisms was also determined. The 
KelleKet machine was used to X-Ray the organisms. 
The worms were exposed to 40 ma. for a period of 12 
seconds, the tube length being 56 cm., and using an 
aluminum filter. 
For all of these experiments, the Winkler titra­
tion method for determining the dissolved oxygen was 
used. Along with each solution, to which the organ­
isms were exposed, a blank was also run to prevent 
errors and to determine the actual amount of oxygen 
present. 
EXPERIMENTAL RESULTS 
TA.~RT.~F1. I shows the oxygen consumption of normal 
earthworms in tap water. The oxygen consumed by the 
organisms is presented in terms of c.c. consumed. 
The number of organisms exposed are listed in column 
(4). Column (3) shows the number of hours or time 
the organisms were exposed to tap water. 
TABLE I. 
¥t. in grams Oc consumed Time No. of Organ­
isms 
.8 .1025 2 3 






.1101 tt 2 










1.3 .1510 tt 4 




2.3 .2928 tt 4 
2.3 .2872 tt 4 
2.5 .3010 tt 3 
2.4 .2972 tt 2 
Table II shows effect of X-irradiation on oxygen 
consumption in tap water. It is to be observed that 
8. 
the organisms exposed to the solutions three hours aft 
er being irradiated consumed oxygen normally. The X-
Rays depressed the oxygen consumption 31-58$. The 
average inhibition is 40.8$. 
TABLE II. 










1.1 .0973 2 hrs 23 hrs* 31.0 40.8 
1.0 .0821 tt tt 55.0 tt 
1.0 .0819 tt tt 56.0 tt 




tt tt 41.5 tt 
.0650 tt tt 51.7 tt 
.8 tt .0620 tt 58.2 tt 
.9 
.0736 tt 19 hrs* 49.6 tt 
1.5 .1232 tt »» 36.6 tt 
2.3 .1891 tt tt 64.0 tt 
1.2 .1056 tt « 34.4 tt 
1.2 .1050 tt »t 36.6 tt 
2.5 .2053 tt 36.0 tt 
2.5 .2045 tt tt 47.2 tt 
.9 .1115 tt 3 hrs. 
.7 .1016 tt tt 
9. 
Table III shows the oxygen consumption of normal 
earthworms in .000036 M. solution of phenol. It is 
clearly seen from the data, that there is a definite 
increase in oxygen consumption. Phenol stimulates the 
oxygen consumption on the average of 30.2$. The organ­
isms were exposed for a period of two hours. The 
hours after irradiation are 23, 19, and 3 respectively. 
r FABLE III. 
¥t. in gms. 0g con­
sumed 





.7 .1501 2 hrs . 4 —. 30.2 
.8 .1629 tt 3 37.2 tt 
.8 .1703 tt 3 39.2 tt 
.8 .1693 ft tt 38.0 « 
1.5 .2128 tt 3 25.2 tt 
1.3 .2010 tt 4 33.3 tt 
1.7 .2576 tt 3 — 
1.1 .1815 tt 3 39 .4 tt 
1.2 .1909 tt 5 25.2 tt 
1.2 .1893 tt 5 22.1 tt 
2.3 .3400 tt 3 24.2 tt 
2.3 .3393 tt tt 23.6 tt 
1.5 .2010 tt 3 22.0 it 
10. 
TABLE III.(continued) 
lift, in gms. 02 con­
sumed 





1.3 .1992 2 hrs 4 30.3 30.2 
1.3 .2008 ft tr 32.2 »» 
1.2 .1945 ft 5 36.0 tr 
2.5 .3788 ft 5 25.8 tr 
Table IV shows the antagonism between X-Rays and 
phenols. It is to be observed that X-Rays inhibited oxy­
gen consumption on the average of 23.1%. The hours after 
irradiation are indicated in column (5). 
TABLE IV 
Wt. in gms. 0 consumed 
& 







1.2 .1620 2 hr 3. 3 23 hrs. 17.8 
1.1 .1516 ft 2 ft 16.3 
1.3 .1672 ft 3 ft 20.2 
1.7 .2328 ft 3 ft 
.7 .0990 ft 2 ft 16.4 





.8 .1020 ft 2 ft 58.1 
.8 .1016 ft 2 ft 57.9 
2.5 .3992 ft 2 2 hrs. 
1.3 .1650 ft 1 tr i 
t 
1.5 .1940 ft 4 | tr 
2.3 .2791 " 3 
11. 
Table Y shows oxygen consumption of normal 
earthworms in ,000033 M* solution of 1, 3, diphenyl-
thiobarbituric acid. It can clearly be seen that 
1, 3, thio barbituric acid stimulates the respira­
tory rate in earthworms. The oxygen consumption is 
stimulated on the average of 13.5$. 
TABLE J Y 







.8 .0869 2. hr: 3. 3 17.9 13.5 
1.1 .1520 tt 2 18.6 tt 
1.5 .1929 tt 4 20.8 tt 
1.7 .2187 tt 3 19.1 tt 
2.0 .2644 rt 2 
2.5 .3216 tt 5 13.4 tt 
2.3 .2801 tt 4 4.5 tt 
1.0 .1501 tt 3 17.6 tt 
.9 .1159 tt 2 3.7 tt 
1.2 .1493 tt 5 5.1 tt 
1.7 .2200 tt 3 14.8 tt 
1.5 .1929 tt 4 15.3 tt 
12. 
Table VI shows antagonism between X-Rays and 
*000033 M. solution of dipheny thio barbituric acid. 
Barbituric acid, as indicated here, stimulated 0^ 
consumption to a small degree. 
The number of organisms run is indicated in 
column (5). The hours after X-Rayed are indicated 
in column (4). 
TABLE VI. 
Wt• in gms. 0g consumed Time 





.8 .0824 2 hrs. 23 hrs. 3 
1.1 .1133 tt ft 2 
2.0 .2060 f t  tt 2 
1.7 1568 
O 
f t  f t  2 
2.5 ,2576 f t  tt 3 
1.5 .1545 t t  f t  2 
.9 .1158 t t  3 hrs. 3 
1.0 .1403 f t  M 2 
1.2 .1443 Tt n  2 
2.5 .3216 f t  » — 
1.7 .2128 
f t  n 2 
2.3 .2800 t t  tt 3 
13. 
D I S C U S S I O N  
From the data above, it was found that X-Rays 
inhibited the oxygen consumption after the organ­
isms had come out of the "latent period". The re­
sults are in accord with the findings of Crabtree 
(1932), and Adler(1930). Bright and Crabtree, men­
tioned previously, reported that growth in the ir­
radiated seedlings was inhibited while C0f produc-
tion was increased. This phenomenon is explained 
by the fact that the cells are rendered inactive. 
It was also observed in these experiments that ef­
fected organisms did not regenerate so rapidly, if 
at all. 
The oxygen consumption was stimulated or act­
ivated on the average of 30.2% by phenol. These 
findings are in accord with those of Garrey and 
Boykin, referred to above, who observed that on 
the addition of 2, 4, dinitro-phenol solution, the 
respiratory rate was increased 3-fold on the average. 
14, 
Brown(1935) reported the following statement: 
"Five hospital patients were given 5 nag/Eg, of 2, 4, 
dinitrophenol. Oxygen consumption was increased, the 
peak being reached in 3-4 hours with an average maxi­
mum increase of 24$", For earthworms, the average 
maximum increase was 30,2%, It was further stated 
and reported that on the addition of aliphatic and 
aromatic chains the activity of the phenol is stimu­
lated, thereby, the hypermetabolic activity is in­
creased, Dinitrophenol acts as a stimulant for oxy­
gen consumption in earthworms, lust what part of the 
organism is effected has not definitely been found 
as yet. Although phenol is a caustic poison, it did 
not affect the organisms to the extent that death 
resulted after being removed from the dinitrophenol 
solution, 
Tipston(1936) measured the 0g consumption of 
yeast, kidney and liver tissue in the presence of 
dinitrophenol. He observed that yeast respiration at 
PH 6,64 was increased 10-35$, while that of the frog 
15. 
tissue and red cells at Ph 7.46 was increased 14-35%. 
"Phenol is not the direct oxidation of substrate, 
but is an influence on some mechanism by which the 
activity of oxidizing enzymes is controlled. 
The effect of X-Rays in these experiments is in 
accord with the findings of Booker, who observed that 
X-Rays are not effective immediately after the organ­
isms are exposed. He also observed that at least 
18 hours must elapse before the rays are effective. 
In addition to this, Booker observed a 40-60% inhi­
bition in 0g consumption of X-irradiated organisms. 
During this investigation, it was found that the de­
pression is apparently of long standing-several days. 
In these experiments, although in water, the 0 con-
sumption was depressed after organisms were X-Rayed, 
barbituric acid and phenol activated the 0 consump-
tion both before and after the 18 hours elapsed after 
exposure. 
lust as Fisher and Mering, mentioned above, re­
ported that barbituric acids stimulated intestinal 
movements so much so thft respiration failed, it was 
16. 
found that higher concentrations of Barbituric acid 
stimulated intestinal movement to the extent that 
death resulted. Likewise in accord with the findings 
of Fisher and Mering, it was observed that Barbituric 
acid used in these experiments stimulated 0^ consump­
tion on the average of 13.5%. 
17. 
S U M M A R Y 
1. The effects of X-Rays, Phenol and Barbituric Acid 
on Oxygen consumption in earthworms have been 
studied. 
2. The respiratory rate of organisms exposed before 
18 hours elapsed after - irradiation is stimulated 
by phenol and Barbituric acid. 
3. X-irradiation decreases oxygen consumption of 
Earthworms after the "latent period". 
4. Phenol and Barbituric acid stimulated 0g consump­
tion in earthworms on an average of 48.8% and 
13.5% respectively. 
5. Phenol and Barbituric acid stimulation is less 
marked in irradiated organisms than in worms not 
irradiated. 
* *• sMf* =£ ¥ * * 
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